Mesonephric carcinoma is a rare form of gynecologic cancer derived from mesonephric remnants usually located in the lateral wall of the uterine cervix. An analogous tumor occurs in the adnexa, female adnexal tumor of probable Wolffian origin. The pathogenesis and molecular events in mesonephric carcinoma are not known. The aim of this study was to examine the molecular alterations in mesonephric carcinoma to identify driver mutations and therapeutically targetable mutations. This study consisted of 19 tumors from 17 patients: 18 mesonephric carcinomas (15 primary tumors and three metastatic tumors) and 1 female adnexal tumor of probable Wolffian origin. In two patients, both primary and metastatic tumors were available. Genomic DNA was isolated and targeted next-generation sequencing was performed to detect mutations, copy number variations, and structural variants by surveying full exonic regions of 300 cancer genes and 113 selected intronic regions across 35 genes. Fluorescence in situ hybridization (FISH) for 1p and 1q was performed in two cases. Eighty-one percent (13/16) of mesonephric carcinomas had either a KRAS (n = 12) or NRAS (n = 1) mutation. Mutations in chromatin remodeling genes (ARID1A, ARID1B, or SMARCA4) were present in 62% of mesonephric carcinomas. All mesonephric carcinomas lacked mutations in PIK3CA and PTEN. The most common copy number alteration was 1q gain, found in 12 (75%) mesonephric carcinomas; this was confirmed by FISH in two cases. Mesonephric carcinoma is characterized by molecular alterations that differ from those of more common variants of cervical and endometrial adenocarcinoma, which harbor KRAS/NRAS mutations in 7% and 25% of cases, respectively. KRAS/NRAS mutations are common in mesonephric carcinoma and are often accompanied by gain of 1q and mutations in chromatin remodeling genes. Targeting inhibitors of the RAS/MAPK pathway may be useful in the treatment of mesonephric carcinoma.
Mesonephric carcinoma is a rare form of gynecologic cancer derived from mesonephric remnants usually located in the lateral wall of the uterine cervix. An analogous tumor occurs in the adnexa, female adnexal tumor of probable Wolffian origin. The pathogenesis and molecular events in mesonephric carcinoma are not known. The aim of this study was to examine the molecular alterations in mesonephric carcinoma to identify driver mutations and therapeutically targetable mutations. This study consisted of 19 tumors from 17 patients: 18 mesonephric carcinomas (15 primary tumors and three metastatic tumors) and 1 female adnexal tumor of probable Wolffian origin. In two patients, both primary and metastatic tumors were available. Genomic DNA was isolated and targeted next-generation sequencing was performed to detect mutations, copy number variations, and structural variants by surveying full exonic regions of 300 cancer genes and 113 selected intronic regions across 35 genes. Fluorescence in situ hybridization (FISH) for 1p and 1q was performed in two cases. Eighty-one percent (13/16) of mesonephric carcinomas had either a KRAS (n = 12) or NRAS (n = 1) mutation. Mutations in chromatin remodeling genes (ARID1A, ARID1B, or SMARCA4) were present in 62% of mesonephric carcinomas. All mesonephric carcinomas lacked mutations in PIK3CA and PTEN. The most common copy number alteration was 1q gain, found in 12 (75%) mesonephric carcinomas; this was confirmed by FISH in two cases. Mesonephric carcinoma is characterized by molecular alterations that differ from those of more common variants of cervical and endometrial adenocarcinoma, which harbor KRAS/NRAS mutations in 7% and 25% of cases, respectively. KRAS/NRAS mutations are common in mesonephric carcinoma and are often accompanied by gain of 1q and mutations in chromatin remodeling genes. Targeting inhibitors of the RAS/MAPK pathway may be useful in the treatment of mesonephric carcinoma. Mesonephric carcinoma is a rare malignant tumor of the female genital tract that occurs most commonly in the uterine cervix, representing o 1% of all cervical carcinomas. 1-3 Primary mesonephric carcinomas of the uterine corpus and the vagina have also been described. [4] [5] [6] [7] [8] Patients with mesonephric carcinoma usually present with abnormal vaginal bleeding (in~60-70% of the cases), abnormal Papanicolaou smear, a cervical mass on pelvic examination, or the tumor can be discovered incidentally. 1,2 Grossly, these tumors are frequently in the form of an exophytic, nodular, or polypoid friable mass usually in the lateral wall of the cervix or involving the cervical wall circumferentially. They can also diffusely and circumferentially enlarge the cervical wall without a discernible mass, or can even be grossly unremarkable. 1,2
Histologically, mesonephric carcinomas are characterized by a variety of architectural patterns such as tubular, ductal, retiform, solid, spindle cell, and sex-cord like. An admixture of patterns is frequently present in the same tumor. Because of the wide range of appearances, the differential diagnosis of mesonephric carcinoma can be broad, and include benign mesonephric hyperplasia, endometrioid adenocarcinoma, clear cell carcinoma, carcinosarcoma, and serous carcinoma among others. As mesonephric hyperplasia is often found at the periphery of the tumor or admixed with it, 1,2,9,10 mesonephric carcinomas are thought to be derived from mesonephric remnants and/or hyperplasia. Similarly, mesonephric remnants in the adnexa are thought to give rise to the female adnexal tumor of probable Wolffian origin. These neoplasms, which are exceedingly rare, occur mainly in the para-ovarian region but also occasionally within the ovary and are presumed to be of mesonephric (Wolffian) origin based on the location, morphologic dissimilarity to other ovarian tumors, and some ultrastructural and immunohistochemical homology to the mesonephric duct. 11 The pathogenesis and molecular features of mesonephric carcinoma and female adnexal tumor of probable Wolffian origin have not been reported in the literature. The purpose of this study was to characterize the mutations and copy number alterations characteristic of mesonephric carcinoma using a targeted next-generation sequencing (NGS) assay to identify driver mutations, therapeutically targetable mutations, and diagnostically useful molecular alterations. We report the findings in a series of mesonephric carcinoma of the female genital tract and one female adnexal tumor of probable Wolffian origin.
Materials and methods

Case Selection
Following approval by the Institutional Review Board at Brigham and Women's Hospital in Boston, MA, USA, the BWH pathology files were searched for cases of mesonephric carcinoma. All Brigham and Women's Hospital cases of mesonephric carcinoma with available formalin-fixed paraffinembedded material and histologically confirmed diagnoses were included in the study, and six additional mesonephric carcinomas and one female adnexal tumor of probable Wolffian origin were contributed by one of the authors (WGM). In all, 19 tumors from 17 subjects were included in the study: 18 mesonephric carcinomas from 16 patients (13 cervical primary tumors, 2 uterine corpus primary tumors, and 3 metastatic tumors), and 1 female adnexal tumor of probable Wolffian origin. For 16 cases, only one to two representative H&E slides were available for histological review; in the remainder of cases, all slides were available for review.
Thirteen of these cases have been previously reported by Kenny et al 7 and Howitt et al 12 (see Table 1 ).
Targeted Hybridization Capture NGS
Samples were processed in the Department of Pathology, in the Center for Advanced Molecular Diagnostics at Brigham and Women's Hospital, a CLIA-certified clinical laboratory, for all stages of the NGS assay. Unstained 4-micron formalin-fixed paraffin-embedded tissue sections of tumor were manually scraped for all cases and DNA was isolated using a commercially available kit (Qiagen, Valencia, CA), following the manufacturer's instructions. Paired germline samples were not analyzed. DNA was quantified (PicoGreen), and samples with at least 50 ng/ul of DNA proceeded to library preparation. Hybrid capture libraries were prepared following previously published protocols. 13, 14 Sheared DNA was hybridized to a set of custom-designed capture probes (Agilent SureSelect) targeting the complete exonic regions of 300 oncogenes and tumor-suppressor genes and 113 intronic regions across 35 genes for the evaluation of structural rearrangements (complete list of genes available in Supplementary File 1). Sequencing was performed using Illumina HiSeq 2500. Data were analyzed by an internally developed bioinformatics pipeline composed of reconfigured publically available tools and internally developed algorithms (VisCap Cancer, Phaser, BreaKmer). 13 Pooled sample reads were demultiplexed using Picard (http://picard.source forge.net/command-line-overview.shtml), aligned to Human Genome Reference Consortium reference sequence GRCh37p13 15 and duplicate reads were removed. GATK 16 was used to refine alignments around insertion/deletion (indel) sites. Single nucleotide variants were called using MuTect 17 and indels using Indelocator (http://www.broadinstitute. org/cancer/cga/indelocator). Annotation was performed using Oncotator. 18 Because tumor tissues were tested without a paired normal from individual patients, additional informatics steps were taken to identify common single nucleotide polymorphisms: any single nucleotide polymorphism present at 40.1% in Exome Variant Server, NHLBI GO Exome Sequencing Project, Seattle, WA (URL: http://evs.gs. washington.edu/EVS/, accessed 4/1/2015) was filtered, however, variants also present in the Catalogue of Somatic Mutations in Cancer (COSMIC; cancer.sanger.ac.uk) were rescued for manual review. VisCap Cancer calls copy number changes based on log2 ratios that are calculated using a normalized depth of coverage against a median from a panel of normal (non-cancer) samples. Circular binary segmentation was used to segment the data; segments were called via strict thresholding. Unique, aligned (hg19) sequence reads with PHRED430 were reviewed, annotated, and interpreted using 
Cases 1-16 are mesonephric carcinoma, and case 17 is a female adnexal tumor of probable Wolffian origin. " − " indicates that no data were available.
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Integrated Genome Viewer (Broad Institute, Cambridge, MA) and a suite of internally developed Web-based tools. Samples with a mean target coverage of o 50 × were failed and excluded from further analysis. Individual variants present at o 10% allele fraction or in regions with o 50 × coverage were flagged for manual review and interpreted by the reviewing laboratory scientists and molecular pathologists based on overall tumor percentage, read depth, complexity of alteration, and evidence for associated copy number alterations. Gene mutation frequency calculations were analyzed and reported per subject, with a secondary analysis of matched primary and metastatic tumors. The frequency of the most commonly mutated genes in mesonephric carcinoma identified in our study was compared with conventional cervical adenocarcinomas 19 and endometrial adenocarcinomas 20 and as reported in The Cancer Genome Atlas (TCGA) Research Network (http://cancergen ome.nih.gov/).
Fluorescence In Situ Hybridization
FISH was performed on 4-μm-thick formalin-fixed paraffin-embedded sections from cases with sufficient material, according to standard protocols. Specifically, gain of the long arm of chromosome 1 (1q) was evaluated using the Vysis LSI1p36 and LSI1q25 Dual Color Probe Set 1 (Abbott Molecular, Des Plaines, IL) at 1p36 and 1q25, respectively, on both tumor and non-neoplastic tissue (the non-neoplastic tissue served as internal positive control). Probes and nuclei were co-denatured simultaneously, followed by hybridization and washing, according to the manufacturer's directions. The ratio of hybridization signals for 1p36 and 1q25 was calculated on 50 nuclei for each case.
Results
Clinicopathologic Features of the Cohort
Our study comprised 19 tumors from 17 patients (16 mesonephric carcinomas and 1 female adnexal tumor of probable Wolffian origin); the clinicopathologic features are summarized in Table 1 . Two patients had matched primary and metastatic tumor samples: one uterine corpus primary with a lung metastasis (case 12A/B) and one cervical primary with an ovarian metastasis (case 5A/B). One case had only metastatic mesonephric carcinoma involving the ovary available for testing (case 11). Histologically, the mesonephric carcinomas were characterized by a variety of architectural patterns including tubular, ductal, retiform, cribriform, and spindled/ solid (Figure 1) . Two or more patterns were frequently observed in the same tumor. The majority of tumors contained some degree of spindled/solid areas (13/19; 68%), ranging from 5 to 90% of the tumor in the sections available for review. All cases from patients with confirmed metastasis contained at least focal areas of spindled/solid morphology (ranging from 5 to 30%). Associated mesonephric hyperplasia was confirmed in 9/16 (56%) mesonephric carcinoma.
Molecular genetic findings
Quality Assurance Parametrics in the NGS Assay Across all 19 tumors, the mean number of unique, high quality aligned reads was 5 168 690 (range 4 109 829-7 579 048), with a mean target coverage of 132 (range 95-194). Overall, 94-99% of targeted sequences had at least 30 × target base coverage across the cases.
Overview of Single Nucleotide Variations and Copy Number Variations Identified in Mesonephric Carcinoma
A complete list of the single nucleotide variants identified across all tumors is available in Supplementary File 2. Overall, 117 single nucleotide variations in 75 genes were identified across all mesonephric carcinomas (n = 16) and comprised 93 missense, 10 nonsense, 7 frameshift, 6 indels, and 1 splice site mutation. Of the missense mutations, 37 had been previously reported in other tumor types and confirmed as somatic mutations in COSMIC (cancer.sanger.ac.uk), and 56 had not been previously reported as somatic mutations and thus were classified as novel. The mean number of single nucleotide variations per tumor was 7.1 (range 2-13). The recurrent single nucleotide variations are shown in Figure 2 and are discussed below in further detail. Copy number changes in mesonephric carcinoma were primarily whole chromosome or arm level alterations, with very few gene level copy number variations. No high level amplifications or two copy (homozygous) deletions were identified. Five cases had no copy number variations. Copy number variations at the chromosomal arm level are summarized in Figure 3a .
KRAS and NRAS Activating Mutations Are Common in Mesonephric Carcinoma
Twelve of 16 mesonephric carcinomas harbored activating KRAS mutations (all missense; 6 G12V, 4 G12D, 1 G12C, and 1 Q61H), including case 5 A/B with a cervical primary and ovarian metastasis, and case 12 A/B with a uterine corpus primary and lung metastasis. One mesonephric carcinoma had an activating NRAS mutation (missense, Q61R). KRAS and NRAS mutations were mutually exclusive. In total, 13/16 (81%) mesonephric carcinomas had either a KRAS (n = 12) or NRAS (n = 1) mutation. One mesonephric carcinoma (case 16) that lacked 
Alterations in the Chromatin Remodeling Genes ARID1A, ARID1B, and SMARCA4
Five mesonephric carcinomas harbored six ARID1A mutations (one indel, two nonsense, two frameshift, and one missense) including case 12 A/B with the uterine corpus primary and ovarian metastasis. Of the five mesonephric carcinomas with ARID1A mutations, one (case 2) had two different ARID1A mutations, and three (cases 1, 3, and 5) also had evidence of copy number loss at ARID1A, raising the possibility of bi-allelic inactivation. One uterine corpus and two cervical mesonephric carcinomas harbored ARID1B mutations (two nonsense and one indel), one of which also showed copy number loss at ARID1B (case 6). Two mesonephric carcinomas harbored mutations in SMARCA4 (one splice site (case 7) and one missense (case 13)), neither of which had evidence of copy number loss. In total, 10/16 (62%) mesonephric carcinomas harbored ARID1A, ARID1B, or SMARCA4 mutations, which were all mutually exclusive.
Mutations in BCOR/BCORL1 Genes
Three mesonephric carcinomas harbored BCOR mutations (two missense and one nonsense; cases 1, 13, and 14), and two mesonephric carcinomas harbored three BCORL1 mutations (two nonsense (case 2) and one missense (case 8)). In total, 5/16 (31%) mesonephric carcinomas contained BCOR or BCORL1 mutations.
TP53 Mutations Are Uncommon in Mesonephric Carcinoma
Only one tumor in this series (cervical mesonephric carcinoma; case 14) harbored a mutation in TP53 gene (missense, M237I) and was not accompanied by copy number loss of TP53 or 17p. This case also harbored an ARID1B mutation but lacked KRAS or NRAS mutations.
Gain of 1q
Twelve of 16 (75%) mesonephric carcinomas had gain of 1q by copy number analysis (Figure 3b ), which was confirmed by FISH in 2 cases with the 1q25 signals approximately twice the number of signals observed for 1p36 signals (three to seven copies of 1q in case 12, and two to five copies of 1q in case 5) (Figure 3c ). Material was unavailable for FISH studies in the remainder of cases. Seven of the cases with 1q gain also had evidence of loss of 1p by copy number variation analysis.
Other Recurrent Copy Number Variations in Mesonephric Carcinoma
Mesonephric carcinomas were characterized by other recurrent copy number variations including 2p gain (three cases), 9p or chromosome 9 loss (five cases), chromosome 19 gain (three cases), chromosome 19 loss (two cases), and chromosome 10, 12, and 20 gain (five, five, and six cases, respectively).
Translocations in Mesonephric Carcinoma
Case 6 harbored a novel translocation: MDM4-SNX9 (MDM4 on chromosome 1q32.1, exons 1-6; position 204507547; SNX9 on chromosome 6q25.3, exons 3-18; position 158289657). As this alteration was 
Correlation of Morphologic/Clinical Features with Molecular Alterations Including Matched Primary and Metastatic Tumors
All cases from patients with confirmed metastasis (cases 5 A/B, 7, 11, and 12 A/B) had a KRAS mutation. Both cases with matched primary and metastatic tumors had KRAS G12D mutation in both the primary and the metastatic tumor. The case with ovarian metastasis (no material was available from the primary tumor) had a KRAS G12V mutation. Case 5 A/B harbored the same ARID1A mutation in both the cervical primary and the ovarian metastasis. BCOR, BCORL1, and TP53 mutations were not present in any of the tumors from patients with confirmed metastasis. Although most of the metastatic tumors exhibited gains of chromosomes 10 and 12 (cases 5 A/B, 11, and 12 A/B), none of the cases without metastases had this finding. Of note, one patient (case #7; lacking gain of chromosome 10 and 12) developed lung nodules 120 months after the diagnosis of mesonephric carcinoma; and by report, the biopsy revealed metastatic carcinoma. In considering morphologic features of mesonephric carcinoma, specifically the presence and percentage of solid/spindled component, we found no correlation between molecular events in cases with and without a spindled/solid component. The single female adnexal tumor of probable Wolffian origin (case 17) was characterized by three single nucleotide variations including PRKDC H1069Y, FANCA H227D, and GNAS frameshift (I2fs) mutations. The female adnexal tumor of probable Wolffian origin did not demonstrate any copy number variations. There were no overlapping molecular alterations between the female adnexal tumor of probable Wolffian origin and mesonephric carcinoma.
Discussion
Mesonephric carcinoma is a malignant gynecologic tumor derived from mesonephric remnants and/or hyperplasia. In males, the mesonephric ducts give rise to the efferent ducts of the testis, the epididymis, the vasa deferentia, the seminal vesicles, and the ejaculatory ducts. In females, the mesonephric ducts undergo regression; however, mesonephric remnants may persist in the broad ligaments, lateral wall of the uterus (most notably in the cervix), and vagina. 9 These remnants are presumed to be the origin of mesonephric carcinoma. Similarly, mesonephric remnants in the adnexa are presumed to be the origin of female adnexal tumor of probable Wolffian origin. 11, 21 Because of the wide range of morphological appearances of mesonephric carcinoma, often with an admixture of tubular, ductal, retiform, solid, spindle cell, and sex-cord like elements, the differential diagnosis can be broad, and includes florid mesonephric hyperplasia, endometrioid adenocarcinoma, endocervical adenocarcinoma, clear cell carcinoma, carcinosarcoma, and serous carcinoma, among other neoplasms. The admixture of different morphological patterns may be a clue to the diagnosis of mesonephric carcinoma. Although immunohistochemistry can be helpful in the differential diagnosis, 1,7,12,22-25 there is no definitive marker for mesonephric carcinoma. GATA3 has recently been shown to be quite a sensitive and specific marker of mesonephric epithelia, particularly mesonephric remnants and hyperplasia; however, the staining pattern is less reliable in mesonephric carcinoma, especially when solid or spindled patterns are present. 12, 25 Other markers that may be positive in mesonephric carcinoma include CD10 and calretinin while estrogen and progesterone receptor are usually negative. 1, 22, 26, 27 However, none of these markers is sufficiently sensitive or specific for mesonephric carcinoma to be reliable in diagnosis. Therefore, identifying characteristic molecular alterations may be useful in establishing a diagnosis of mesonephric carcinoma, considering that the most common differential diagnoses, endocervical and endometrial adenocarcinomas of other morphological types, have been well characterized at the molecular level.
In this study, we evaluated 18 mesonephric carcinomas from 16 patients and 1 female adnexal tumor of probable Wolffian origin using a targeted NGS assay including a large panel of wellestablished oncogenes and tumor-suppressor genes to identify molecular alterations in mesonephric carcinoma. Our study found that mesonephric carcinoma is characterized by a limited number of molecular aberrations that may be diagnostically useful and therapeutically important. The common mutations in mesonephric carcinoma are significantly different from those reported in other cervical and endometrial adenocarcinomas 19, 20, 28, 29 and in the TCGA datasets by accessing the cBioPortal for Cancer Genomics, 30, 31 (www.cbioportal.org). For example, KRAS/NRAS mutations are the most common molecular aberration detected in mesonephric carcinoma (81%); in contrast, these mutations are less common in other cervical and endometrial adenocarcinomas (less than 30%), [32] [33] [34] particularly in the microsatellite stable endometrioid adenocarcinomas and the serous endometrial carcinomas. The chromatin remodeling genes ARID1A, ARID1B, and SMARCA4 are frequently mutated in mesonephric carcinoma (31, 19 , 12%, respectively; overall 62%). In contrast, these genes are uncommonly mutated in other cervical carcinomas. In endometrial adenocarcinomas, the frequency of ARID1A mutations is comparable with that in mesonephric carcinoma, but ARID1B and SMARCA4 are less commonly mutated (4% and 6%, respectively). Mesonephric carcinomas also commonly harbor BCOR/BCORL1 mutations (19% and 12%, respectively; combined 31%). Similarly, BCOR and BCORL1 genes are mutated in 12% and 8% of endometrial adenocarcinomas, respectively, but these mutations are uncommon in cervical carcinomas (3% and 3%, respectively). On the other hand, some of the more commonly mutated genes in endometrial and/or cervical adenocarcinomas include PIK3CA (24-57% and 16-25%, respectively) and PTEN (460% for endometrioid endometrial adenocarcinomas and 8% for cervical adenocarcinomas), and although these genes were included in our NGS assay, only wild-type sequences of PIK3CA and PTEN were identified in all cases of mesonephric carcinoma. TP53 is uncommonly mutated in mesonephric carcinoma (6%) and other cervical adenocarcinomas (4%), while 28% of endometrial adenocarcinomas (and 490% of endometrial serous carcinomas) harbor mutations in TP53. Thus, the lack of PIK3CA, PTEN, and TP53 mutations, in combination with KRAS or NRAS mutation, would support the diagnosis of mesonephric carcinoma over another morphologic type of endometrial or endocervical adenocarcinoma.
Copy number changes in mesonephric carcinoma were primarily at the chromosome or arm level, with no distinct gene level copy number changes. No high level amplifications or two copy deletions were identified. The most common copy number variation was gain of 1q, which was present in 75% of mesonephric carcinoma, and was accompanied by loss of 1p in seven cases. Because gain of 1q was a recurrent finding in this series, FISH was undertaken to confirm the finding in two cases with available material. Interestingly, in the TCGA data, 20 1q amplification was very common (100%) in a subset of endometrioid adenocarcinomas (somatic copy number alteration Cluster 3), which also had frequent gains of chromosomes 10 and 12 and displayed poor clinical outcome compared with other endometrioid tumor clusters. Similarly, in mesonephric carcinoma, gain of chromosome 1q as well as 10 and/or 12 may be an indicator of aggressive behavior, as all tumors with this alteration were from patients with confirmed metastasis.
Our findings may have clinical implications for the treatment of patients with mesonephric carcinoma. First, the lack of PI3K pathway alterations in mesonephric carcinomas suggests that PI3K inhibitors may not be effective in the treatment of these neoplasms. Mutations of KRAS result in constitutive activation of mitogen-activated protein kinase (MAPK), also known as extracellular signal-regulated protein kinase, which subsequently activates a variety of downstream cellular and nuclear targets that lead to expression of genes involved in proliferation, differentiation, and survival. 35, 36 Targeted inhibitors of the RAS/MAPK pathway have been evaluated in the treatment of KRAS-mutated carcinomas. 37, 38 The consequences of RAS/MAPK pathway inhibition in ovarian cancer cells have been investigated using a selective inhibitor of MAPK kinase (MEK), CI-1040. Profound growth inhibition and apoptosis were observed in CI-1040-treated ovarian cancer cells with mutations in either KRAS or BRAF, compared with ovarian cancer cells containing wild-type KRAS/BRAF. 39 Although KRAS-mutated lung cancers, which comprise 20-30% of non-small cell lung cancers, are known not to respond to targeted therapies, recently it was shown that the combination of PI3K and MEK inhibitors may be a very potent combination in the treatment of KRAS-mutated lung cancers. When mouse models of lung cancer driven by mutant KRAS were treated with a combination of pan-PI3K, a mammalian target of rapamycin inhibitor, and an MEK inhibitor, there was marked synergy in shrinking these tumors. [40] [41] [42] Sensitivity to MEK inhibition has been investigated in pancreatic cancer cell lines with specific KRAS mutations showing promising therapeutic results. 43 Because 81% of mesonephric carcinomas harbor KRAS/NRAS mutations, targeted inhibitors of the RAS/MAPK pathway could potentially be useful in the treatment of mesonephric carcinoma. Future studies to determine the efficacy of RAS/MAPK inhibition in mesonephric carcinoma are warranted.
The literature suggests that mesonephric carcinomas without a spindled/solid component present at an earlier stage and have a better prognosis than tumors with a spindled/solid component (these have also been referred to as mesonephric carcinosarcoma), which may present in advanced stage and are clinically more aggressive. 6 Our study found no correlation between the molecular features of mesonephric carcinoma and presence of a spindled/solid component, but this could potentially be attributed to the fact that most of the cases had only one slide of tumor available for review, which may have not been representative of the overall morphological appearances of the neoplasm.
The relationship between mesonephric carcinoma and female adnexal tumor of probable Wolffian origin remains to be elucidated. None of the recurrent alterations found in mesonephric carcinomas in our study were identified in the single case of female adnexal tumor of probable Wolffian origin. However, obviously no firm conclusions can be drawn given that there was only a single female adnexal tumor of probable Wolffian origin available for our study.
In summary, we have shown that mesonephric carcinoma is characterized by molecular aberrations which are significantly different from those found in other subtypes of cervical and endometrial carcinomas. KRAS/NRAS mutations are common (81%) in mesonephric carcinoma. Mesonephric carcinomas are also characterized by gain of 1q and frequent mutations in chromatin remodeling genes, while TP53 mutations are uncommon and PIK3CA and PTEN mutations were not identified. Gain of chromosome 10 and/or 12 may be an indicator of aggressive behavior in mesonephric carcinoma. Our study suggests that targeted inhibitors of the RAS/ MAPK pathway may be useful in the treatment of mesonephric carcinoma and future studies are warranted to determine their efficacy.
